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ABSTRACT
In particular we want to critically assess the practical applicability of variance reduction techniques in slmulating complex stochastic models and to present examples of their successful application.
In the remainder of this paper we briefly describe the types of simulation models we will consider, and the variance reduction techniques we will consider. We also include a bibliography of selected recent papers on variance reduction
In discrete event simulations as a supplement to the blbIiography in (8). In the military engagement model the simulator wished to estimate several quantities Including the mean time until termination and the probability that a partlcuiar event causes termination. In addition to estimating quantities for a system operating with particular policies and parameter values a simulator may wlsh to compare system variants.
II. TYPES OF SIMULATION MODELS
This was the case with both of the above models.
Ill. TECHNIOUES CONSIpERED
We w111 use the followlng notation. Let I denote the number of Input streams of random variables and let X(1)=(XI(1),X2(1),...) denote the l-th stream.
The coliectlon of these streams is denoted by X=(X(1) .... ,X(1)). For any constant a let are not known so that a* is not known and Is typlcally estimated as part of the simulatlon.
The above development extends to the case of more than one control varlable by using a linear comblnation of the control variables In (2). In this case the optimum coefficients (there Is one for each control variable In the linear combination) are not known and are typically estimated.
One way of obtaining a control variable ls to combine two estimators of q. Suppose
In addition to ~ a second unbiased estimator ~' can be obtained from the simulation. For any constant a let
is equivalent to (2) with C replaced by ~-~'.
A linear combination of more than two unbiased estimators, where the coefficients in the linear combination sum to one, can be used to obtain muItlpIe control variables.
Furthermore, equality holds if and only If ~ and q(R) are identical.
Antithetlc varlables, control variables and common random numbers were among the techniques considered by KIeijnen (8) .
Since that tlme control variables have received considerable attention (1), (6), (9), (I0), (11), although common random numbers remains the most widely applied technique, e.g., The sum on the right of the inequality is the variance that would be obtained if 1 and ~2 were . obtained using independent coIlectlons of Input streams. 
